ABSTRACT
INTRODUCTION
 18 
19
A literature review was conducted asking the question "What is the normative size of the 20 blind spot scotoma in adults and how much do these measurements vary?" A lack of data 21 appropriate for clinical use was identified, no standard way of recording the blind spot 22 scotoma was found and measurements were recorded using equipment that is no longer in 23 production. 24
Advancements in technology have provided new equipment offering greater precision in 25 measuring the size of the blind spot scotoma. Benefits such as correcting for reaction times 26 are now incorporated in the most recent field analysers, one of which is the Octopus 900. 27
The Octopus 900 is the official successor to the Goldmann perimeter and is commonly used 28 in clinical practice to conduct perimetry in patients with neurological visual field deficit. The 29 target can be presented in a range of sizes ranging from 1/16mm 2 to 64mm 2 these are 30
represented by a roman numeral, '0' being the smallest 'V' being the largest. The luminance 31 intensity of the targets can also be changed and these are represented numerically, '1' being 32 the faintest and '4' being the brightest. These numbers are further split into five levels of 33 luminosity represented by alphabetic letters; 'a' being the faintest and 'e' the brightest. 34
The Octopus 900's advantages over the Goldmann are that of reaction time compensation 35 and the ability to standardise the speed in which the targets are moved, leading to greater 36 reliability in testing. 37
This project aims to provide normative data on the size and repeatability of the blind spot 38 scotoma as measured by the Octopus 900. The main objectives of this research project are 39 to provide: 40 i.
Normative data of the blind spot scotoma size for adults. 41
ii.
Variation of the size of the blind spot scotoma on repeat testing using three targets 42 of increasing luminosity I1e, I2e The area of the visual field is known to be non-normally distributed, this is because the area 85 is related to the radius squared, if two people differ by a set amount along this radius, the 86 amount of radius increase has a non-linear (squared) effect on the area, a small difference 87 will become amplified. Therefore by taking the square root of the area, this problem is 88 eliminated making the data normally distributed. All statistical analysis shall be conducted on 89 the square root of the area of the blind spot scotoma [5] . 90 91 92
RESULTS AND DISCUSSION

94
Results
96
Of a group of approximately 100 staff, a total of 19 participants (13 females, 6 males) mean 97 age 35.3±12.3 years (range 21 -60 years) took part. The mean visual acuity was -0.06±0.1 98 logMAR in the right eye and -0.08±0.1 logMAR in the left eye. Ten participants were 99 emmetropic, 6 were myopic (range -3.75DS --0.75DS) and 3 were hypermetropic (range 100 +3.00DS -+0.75DS). Fourteen participants were right eye dominant and five were left eye 101 dominant. Only one volunteer was excluded, this was due to a very high myopic prescription 102 and previous retinal detachment surgery. 103 A summary of the participant data can be found in Table 1 Further post-hoc analyses were conducted to explore where significant differences occurred 169 between target luminosities. Again these were corrected using Bonferroni adjustment for 170 type I error. Figure 2 shows the square root of the blind spot scotoma in degrees for the RE, 171 significant differences occurred between all target luminosities and are illustrated with an 172 asterisk (* = Statistically significant A two factor repeated measures ANOVA was conducted using the factors; eye (right or left) 197 and target luminosity (I2e or I4e). The effect of eye was not significant f(1,70) = 0.086, P = 198 0.770. Target luminosity proved to provide as a statistically significant factor f(1,70) = 948, P 199 = < 0.0001. The interaction of eye and target were not significant f(1,70) = 0.058, P = 0.810. 200 201
There were no significant differences between the RE and LE using the I4e and I2e 202 (P=0.160 and P=0.827 respectively), therefore post-hoc paired t-test analyses were 203 conducted between the target stimulus of the RE only. These were corrected using 204
Bonferroni adjustment for type I error. Significant differences occurred between the two 205 target stimuli (P = < 0.0001, Two-tailed, t=31. In summary the I4e target had the best detection rate followed by the I2e, then the I1e. As 237 the target luminosity increased the blind spot scotoma area decreased in size. The precision 238 of the measurements improved as the luminosity of the target increased. 239 240
An explanation for the variation found between the first and second trials especially using the 241 faintest target (I1e) can be described as multi-factoral. Primarily it has to be stated that all 242 subjective measurements are reliant on the subject's response which may be affected by the 243 participant's attentiveness, their prone to fatigue, and learning. It could be argued that 244 learning had an effect in reducing the blind spot scotoma area between the two trials, a trend 245 can be seen showing the second trial results measuring as slightly smaller than the previous 246 trial, however this was not calculated as being statistically significant (P = 0.0800). 247 248
The blind spot scotoma measured with the I1e showed the most variability. All tests were 249 conducted in the same order in keeping with hospital protocol. The blind spot has an area of absolute blindness, and around this area is an amblyopic zone 274 that is seen to increase when plotted with smaller targets [6] . In this study the target size was 275 small and remained constant, luminosity was the factor that varied. This study shows the 276 amblyopic zone may also be extended when using fainter targets. 277 278 Bek [7] found a link between the stimulation target size and blind spot scotoma size using 279 static perimetry and interpreted this finding to be a result of "light scattering in the refractive 280 media of the eye." Bek found that if a large target was projected within the optic nerve head 281
(an area that the target should not be seen), the target could actually be sensed by the 282 surrounding retina due to this light scattering. It could also be that target luminosity may also 283 be linked to this phenomenon, the brighter the stimulus, the more likely this scattered light is 284 to be picked up by the surrounding retina. There was no significant difference when comparing the right and the left eye with either the 314 I2e or the I4e (P=0.160 and P=0.827 respectively). However the outer peripheral field 315 measured significantly larger with the I4e than it does with the I2e (P=<0.0001). The study 316
shows that the brighter the target luminosity the wider the peripheral field becomes, this is to 317 be expected and has been found previously on the Goldmann [9] . The main purpose of 318 recording this is to establish a mean peripheral field for both targets I2e and I4e that can be 319 used as reference. 320 321
As is common to many, if not all research projects, further confidence in the outcomes of the 322 study may be gained through greater allocation of resources allowing for a larger sample 323 size and a more in depth analysis to be undertaken. The analysis of blind spot scotomas 324 may be further augmented through application of mixed methods research, bringing together 325 quantitative and qualitative elements. In particular qualitative research may aid in developing 326 effective protocol with regards to patient preference and feedback. 327 328
The pilot study identifies areas in which further research would be beneficial to gain a fuller 329 understanding of the variability in measurement of blind spot scotomas. Investigation to how 330 these targets fair with patients with Optic nerve disease needs to be conducted, specifically 331 looking for correlation between the size of the blind spot scotoma, the size of the optic nerve 332 head, and grade of papilloedema. 333 334
